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Biogas upgrading - Technology overview
5(+x) methods state of the art
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Development and state of share of biogas upgrading plants and technologies in Europe

Number of newly installed biomethane plants
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Figure 213

Relative use of different
upgrading technologies
in Europe in 2022 2%
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Number of biogas upgrading plants in Germany in the period 2006 - 2022
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Biogas upgradmgmi:_
- Process parameters-
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Pressure Swing Adsorption (PSA)

Demand Methane Off-gas Precision

Electricity Heat Water on Operation Methane treatment .
. recovery desulphuri-

demand demand demand chemical pressure loss recom- . .

rate zation required
substances mended
[kWh/mn3ga] [bar] [%] [%]
ranges | 0.16-0.35 0 No No 1-10 1.5-10 90-98.5 Yes Yes

%= Energy demand: 0.16 — 0.19 kWh/m? (BG) realistic
= Methane slip: meanwhile < 1.2 % realistic

Sen5|t|V|t|es NMVOCs: yes (unwanted co- adsorptlon)

R S e nhofer [EE | Beil]
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Pressure Swing Adsorption (PSA):

CH,-concentration off-gas versus CH,-loss (slip)
- results of a 2-week measurement campaign at 2 large scale plants

CH,-Content offgas CH,-Loss

T 0.8

0.6

[Vol.-%]

0.2

0.0

T T
I
PSA-1 PSA-2 PSA-1
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Water scrubber

Off-gas

Electricity Heat Water De:]nan.d c:n Operation Methane A (TR dPre::is;on.
demand demand demand chemica pressure loss recovery  ecommen esu P u':"
substances rate ded zation required
[kWh/mn3sg] [bar] [%] [%]
ranges | 0.20-0.30 0 Yes No 4-10 05-2 98-99.5 Yes No
SR Ty T ‘ I —
=" Energy demand: no significant changes
= Methane slip: method for methane recovery from water |
- Sen5|t|V|t|es NMVOCs: not to be expected 5|gn|f|cantly 4
< I
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[Vol.-%]

Water scrubber:

CH,-concentration off-gas versus CH,-loss (slip)
- results of a 2-week measurement campaign at 2 large scale plants

CH,-Content offgas

0.8 - —_ CH,-Loss
1.5
0.6
0.4 § 10 -
= |
>,
0.2 0.5
0.0 - 00 .
Water scrubber-1 Water scrubber-2 Water scrubber-1
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Phsyical scrubbers for CO,-“production

13

Stripping air:
Dilution of lean gas

Biomethan
Past approach: Unsuitable for CO,-utilization
New approach: CO, removal after flash columns with -
yields of approx. 60 %, prospectively up to 80 % e
Rohbiogas Erhitzer /'; Khler — l
Verdichter ji H
< <} Absorptionskolonne :J, ™ X Desorptionskolonne
X
Entschwefelung - —— Luftzufuhr
I—OQ—E Verdichter  Kihler
Kondensat
>
]
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Physical Absorption (using organic solvents)

Temperature . .

Electricity Heat level process Water Deman_d on Operation Methane Methane Off-gas Prec|S|_on .

. chemical recovery treatment desulphurization
demand demand heat (in the demand pressure loss .
substances rate recommended required
column)
[kKWh/mn3sG] [°C] [bar] [%] [%]

ranges | 0.23-0.33 0.10-0.15 40-80 No Yes 4-8 1-4 96-99 Yes No
No Yes Yes No

= Energy demand: ca. 0.2 kWh/m? (BG) realistic

= Methane slip: meanwhile < 1.2 % realistic
\= Sensitivities NMVOCs: ?

[Fraunhofer IEEY'Beil]
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Chemical Absorption (using organic solvents)

Temperature

Electricity Heat level process Water Deman_d on Operation Methane Methane Off-gas PI'GCISI.OI‘I .
. chemical recovery treatment desulphurization
demand demand heat (in the demand pressure loss .
substances rate recommended required
column)
[kWh/mn3sg] [°C] [bar] [%] [%]
ranges | 0.06-0.17 0408  106-160 Yes Yes 0.05-4 ~0.1 ~99.9 No ves (Depending

on manufacturer)

£ __,:i s ; f

= Energy demand (el.): ca. < 0.07 kWh/m? (BG) realistic

£

e

g

" Energy demand (heat): range still realistic
= Methane slip: partly < 0.10 %
!- Sensitivities NMVOCs: ?

R R A T e i, R e Y B A N R () B B N e L
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[Vol.-%]

Amine scrubber:

CH,-concentration off-gas versus CH,-loss (slip)
- results of a 2-week measurement campaign at 3 large scale plants

CH,-Content offgas CH,-Loss
0.5
0.15
0.4 J
03 = 0.10
5 | —
2
0.2
1 T 0.05 T
0.1 —_ 1 T ; = ]
. | 1 : T
00 0.00 ,
Amine scrubber-2

. . ) . ! T
Amine scrubber-1 Amine scrubber-2 Amine scrubber-3 Amine scrubber-1
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Membrane separation

Off-gas

- Demand on treatment . . .
TG Heat demand Water demand chemical Operation pressure Methane loss I recommended Preus,on desu!phurl-

demand recovery rate zation required

substances (methane loss
>1%)
[kWh/m,3gc] [kWh/m,?sc] [bar] [%] [%]
ranges 0.18-0.35 0 No No 7-20 0,5-15 85-99.5 Yes Recommended

=" Energy demand: S

=0.23 - 0.29 kWh/m? (BG) realistic | e
= Lower values increased slip/decreased pressures

3= Methane slip: 0.5 —1.0 % realistic
"= Sensitivities NMVOCs: yes
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Gas compositions NMVOC (non-methane-VOCs)

Auslegungskennwerte Stoffmassenkonzentration verschiedener Stoffe/Stoffgruppen in Biogasen
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Gas compositions NMVOC (non-methane-VOCs)

Auslegungskennwerte Stoffmassenkonzentration verschiedener Stoffe/Stoffgruppen in Biogasen
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Decrease/prevention of m

Lean-gas treatment / conditioning
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Overview mass flows: conventionel application

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

Off Gas / |
Methane emissions . State of the art: < 20 mg Corg/ M’

biogas

BGUP

lean gas

biomethane
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Lean-gas treatment

Degradation of CHé in the off-gas using:

B Regenerative thermal oxidation (RTO)
Water scrubber, Phys. Absorption, PSA (new generation), Membrane (new generation)

M Catalytic oxidation
PSA, Membrane

M Flameless oxidation
PSA, Membrane

B Co-firing in combustion engines
(e.g. micro turbines)

M others

E.g. biological systems, CH,-recovery for scrubbers

\
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Overview mass flows: lean gas conditioning CO, , production”

>

______________________________________

Off Gas /

Methane emissions

I treat-
ment

—— e ——

R R R

CH, (N,, O,)

biogas

> BGUP

lean gas

biomethane

Lean gas
conditioning

What is, when the CO,-conditioning plant is
not operated?

Accumulation of N,, O, if raw gas contains it
and gets separated in BGUP?
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Einordnung des Vorhabens

Heute: CO, fir Industrie und Gewerbe stammt heute primar aus Prozessen der Erzeugung von grauem H, (Bsp.
Ammoniaksynthese) = groRRe Volumenstrome, hohe Konzentration = kostenguinstig

1.

Zukunft: Erzeugung von grauem H, wird perspektivisch signifikant sinken

CO, aus BG pradestiniert. Unter aktuellen Anreizbedingungen erhdht sich der Wert des Biomethans durch Nutzung des CO,.

Global wie in DE: Kostengunstiges nicht fossiles CO, wird zum Minimumfaktor bei PtX-Projekten mit C-haltigen Produkten

(Bsp. Me-OH).
Global Komparator bei PtX: DAC!
Marktbedarf DE heute: ca. 1 Mio t/a + x

Marktbedarf DE Zukunft: 1 Miot/a * y

‘kQueIIe: Pentair

® Ammoniak

= Raffinerien&Chemische
Industrie

M Bioethanolproduktion

" Verbrennungsprozesse

M Wasserstoff

® Natiirliche Quellen

A

sonstige:

Verbrennungsprozesse: [Vol-%]
Kohle 12-15
Erdgas 3-10

o] 3-8
Biogasvov [ 815 |
Nebenprodukt (industrielle) Prozesse:

Ammoniak bis 100
Zement 20
Eisen&Stahl 15

bis 100
ca. 30
ca. 90-100

Luft

0,04

Quelle: Fraunhofer IEE nach Energy Institute of the Johannes Kepler University,
AXIOM angewandte ProzeRtechnik GmbH (2018)
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CO2-Marktbedarfe

Aktuelles Potential aus Bestands-BGAA: ca. 1,7 Mio. t/a

MarktgroRe/-bedarf CO2 in DE heute:
= ca.1Mio.t/a+x
= Gewdchshausdiingung?

Zukunft (basierend auf heutigen Marktbedarfen):
= :ca. 1 Mio. t/a
= Methanolsynthese: ca. 2,5 Mio. t/a
= Summe: 3,5 Mio. t/a

Summe CO2-Potenzial aus
BGAA in Deutschland:
1.702.567 t/a

Perspektivisch: 4,5 Mio. t/a

Zukunft (zusdtzliche Marktbedarfe):
= @Griines Methanol?
= Weitere PtX-Produkte?

\
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Overview mass flows: lean gas conditioning SNG ,,production®

>
>

______________________________________

Off Gas / ,
Methane emissions treat- ' What is, when the PtX plant is not operated?

-

: Dilution of N,, O, if raw gas contains it and
- gets separated in BGUP?

biogas

BGUP PtX

lean gas

biomethane SNG (N5, 0,)
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Biogas-Biomethan-SNG-Pfade

(BGA-PtG?: Ganzheitliche Bewertung der Integration von Power-to-Gas-Konzepten in Biogas- und Biomethananlagen einschlieBlich der Entwicklung von Geschaftsmodellen fur

regenerative Gase.)
|

BHKW

BGA |

BG-Speicher

Legende:

BG - Biogas

BGA - Biogasanlage

BGAA - Biogas-Aufbereitungsanlage
BGEA - Biogas-Einspeiseanlage

BHKW — Blockheizkraftwerk

Bio Met — Biologische Methanisierung
CBG - Compressed Biogas

Kat Met — Katalytische Methanisierung
LBG - Liquefied Biogas

CO,-
Speicher

CO,-
Speicher
e
-~

N

:

Tankstelle

z19use3dp.

Quelle: IEE
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Biogas-Biomethan-SNG-Pfade: Kosten SNG

(BGA-PtG?: Ganzheitliche Bewertung der Integration von Power-to-Gas-Konzepten in Biogas- und Biomethananlagen einschlieBlich der Entwicklung von Geschaftsmodellen fur
regenerative Gase.)

70,00

60,00

50,00

40,00

30,00

20,00

10,00

0,00

SNG Gestehungskosten [ct/kWh]

60,57

56,13
49,49 49,96
47,32
45,30
1018 41,58
s 39,64
38,59 37,81 37,92 2888 37,19
35,54 ! 35,69
‘ | | ‘

Kat.MET | Kat.MET | Kat.MET | Kat.MET | Biol.MET | Biol. MET | Biol. MET | Biol.MET | Kat. MET | Kat. MET | Kat. MET |Biol. MET | Biol.MET| Biol.MET | Kat.MET | Kat.MET | Kat. MET

250 kWel|500 kWel /800 kWel 2000 |250 kWel/500 kWel|800 kWel 2000 |700 mN3| 1000 1400 (700 mN3| 1000 1400 |700 mN3| 1000 1400
kwel kwel mN3 mN3 mN3 mN3 mN3 mN3

BGA-NawaRo BGAA-Membran_DM BGAA-Membran_SG Quelle: IEE
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Summary

»Gas cleaning is an essential part of biogas upgrading

»5 biogas upgrading technologies dominate the market — in Germany and worldwide
»Most relevant developments with membrane systems in the last years

» Liquefaction of biomethane could gain a higher relevance in future — also decentralized?
»Share of BGUP with CO,-utilization will increase

» A detailed analysis of the most efficient/appropriate biogas upgrading technology within the project
planning process has a relevant influence on specific gas upgrading costs

» Gas cleaning concepts have an essential impact on operating performance and constitution of the
upgrading plant and are therefore very sensitive on the economic efficiency of the project
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Contact

Michael Beil

Deputy Head of Renewable Gases and Bioenergy department

Fraunhofer Institute for Energy Economics and Energy System Technology IEE
Energy Process Technology Division

Kénigstor 59

34119 Kassel

Germany

+49 (0) 561 7294-421

Michael.Beil@iee.fraunhofer.de

https://www.iee.fraunhofer.de/en/business_units/energy_system_technology/plant-engineering.html
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